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Summary: In October 2010 the occurrence of the stem canker symptoms in rapeseed was observed at the locality 
Rimski Šančevi in Serbia. Several strains of fungi were isolated from the stem. Morphological characteristics of the 
isolates were studied on a PDA medium at 25±1oC: growth rate, colour, shape and appearance of colonies and the 
edge of the colony, the pigment, size, colour and shape of pycnidiospores and pycnidia in 10 isolates (isolated in Serbia 
K-111, K-112, K-113, K-114, K-115, K-116, K-117, K-118, K-119, and K-120). All tested strains had fast growth, the 
regular form of colonies and poor sporulation on nutrient medium. Pycnidiospores are unicellular, hyaline, and mostly 
straight, with or without a drop of oil. Molecular identification was performed by the application the PCR technique 
using primers PN3/PN10. In addition to these 10 isolates, two reference strains obtained from the Centre for 
Agricultural Studies, Rothamsted, UK, which are marked with L. m (Leptosphaeria maculans), L. b (Leptosphaeria biglobosa) 
and 7 reference isolates originating from Serbia, which are marked K-7, St-16, GS-25, L-5, C-3, LJ-2, S-1 were used. 
On the basis of DNA amplification with primers PN3 and PN10 tape length was about 580 bp for isolates (L.b, K-
111, K-112, K-113, K-114, K-115, K-116, K-117, K-118, K-119, K-120) while that was 560 bp for other group of 
isolates (L.m, K-7, St-16, GS-25, L-5, C-3, LJ- 2, S-1).This study showed that 10 isolates (K-111, K-112, K-113, K-
114, K-115, K-116, K-117, K-118, K-119, K-120) isolated from the stem of rapeseed belong to the species 
Leptosphaeria biglobosa.  
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Stem canker is an economically important disease 
of rapeseed in Europe, Australia and North America 
(Fitt et al., 2006). This disease is caused by two types of 
phytopathogenic fungi of Leptosphaeria complexes: 
Leptosphaeria maculans (Desm.) ces. and de Not 
anamorph Phoma lingam (Tode. Fr.) Desmas, which 
causes canker of stem base and Leptospaeria biglobosa 
Shoem and Brun, which causes symptoms of canker on 
upper stem parts. L. biglobosa mostly causes minor 
damages (Rouxel & Balesdent, 2005), while serious 
damages can be caused in countries with higher 
temperatures in summer (Huang et al., 2005; Fitt et al., 
2006). L. maculans is present in Africa, Central and 
South America and Asia (Anon. 2004 cit. loc Fitt et al., 
2006). Until mid-1990, the single cause of rapeseed 
stem canker in Poland was L. biglobosa (Jedryczka et al., 
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maculans is widespread in the western part and L. 
biglobosa in the eastern part of Poland. In the Czech 
Republic and Hungary both species of fungi occur 
(Szlavik et al., 2003), while in Russia L. biglobosa is 
dominant (Jedryczka et al., 2002). West et al. (2001) and 
Fitt et al. (2008) state that only L. biglobosa was isolated 
in China. On the territory of the former Republic of 
Yugoslavia (SFRY), Phoma lingam (teleomorph 
Leptosphaeria maculans (Desm.) Ces. de Not was spotted 
on cauliflower near Split for the first time (Panjaninin, 
1965). Cvjetković et al. (1983) also state that although it 
was quarantined, the parasite was spotted in many 
production regions in Yugoslavia. In Serbia, parasitic 
fungus Phoma lingam was isolated from cabbage 
(Mitrović, 1997). It was isolated from rapeseed in 1987 
in Negotin and during 1988 in Leskovac (Antonijević, 
1999). During 2005 and 2006 P. lingam was registered in 
all production regions of rapeseed in Vojvodina 
(Mitrović & Marinković, 2007). In the earlier period, 
populations of fungus L. maculans were divided in two 
groups based on their pathogenicity and described as 
aggressive or non-aggressive (McGee & Petrie, 1978; 
Koch et al., 1989; Badawy & Hoppe, 1989). Based on 
RFLP analysis, Johnson & Lewis (1990) divided it into 
group A and B while Balesdent et al. (1992) divided it 
on Tox+ isolates which produce phytotoxins and Tox0 
which do not produce sirodesmins. In Australia, 
epidemic is caused only by the group A, while in Canada 
and Western Europe, damage is caused by both groups 
(West et al., 2001). Pathogen L. biglobosa causes small 
brown spots with or without pycnidia in the spots (Brun 
et al., 1997; Thürwächter et al., 1999). Balesdent et al. 
(1992), Brun et al. (1997) and West et al. (1999) state 
that, apart from leaf blight, B group can also cause 
infestation of stem pith. Shortly after harvest, 
pseudothecia can be observed in the base parts of the 
stem, while a few weeks later it can be observed on the 
upper part of the stem (Hammond 1985 cit. loc. West et 
al., 1999). The strongest leaf infections were observed at 
temperatures 15-20 °C and leaf wetness duration for 48 
hours (Toscano-Underwood et al., 2001). Based on 
RFLP analysis non-aggressive isolates can be divided 
into three subgroups: NA1, NA2, and NA3 (Koch et al., 
1991; Gall et al., 1995). Gall et al. (1995) state that NA1 
subgroup is dominant in Europe, while NA2 is present 
in Canada. Balesdent et al. (1998) suggested the 
possibility of identification of species and subspecies 
within Leptosphaeria complex based on the ITS 
restriction profile, by using 5 enzymes AluI, BamHI, 
HaeIII, EcoRII and RsaI. On the basis of the obtained 
results, Balesdent et al. (1998) divided Leptosphaeria 
complex into seven groups: (1) Brassica Tox+, (2) 
Lepidium Tox+, (3) Brassica Tox0 NA1 subgroup, (4) 
Brassica Tox0 NA2 subgroup, (5) Brassica Tox0 NA3 
subgroup (6) Erysimum Tox0 and (7) Thlaspi Tox0. Apart 
from molecular and virulent characteristics, there is a 
difference between the isolates in the production of 
phytotoxin sirodesmin PL (Koch et al., 1989). Besides 
sirodesmin PL, the culture filtrate contained other 
sirodesmins (sirodesmin B, C, H, K) (Badawy & Hope, 
1989; Pedras & Seguin-Swartz, 1992; Pedras et al., 2007; 
Pedras et al., 2008; Mitrović et al., 2012). The presence 
of host unspecific sirodesmins in the culture filtrate 
enabled isolate grouping into Тоx+ or Тоx0 (Balesdent 
et al., 1992; Fitt et al., 2006). The presence of two 
different RFLP profiles, connected with differences in 
pathogenicity and pigment production in liquid culture, 
enables classification of isolates into A (highly 
aggressive Тоx+) or B (non-aggressive Тоx0) group (Fitt 
et al., 2006). Without RFLP analysis the aggressive 
(virulent) isolates can be placed into group A based on 
the production of sirodesmin PL and the inability of 
forming pigment on a liquid Czapek agar (Brun et al., 
1997). Label for the B group was used for non-
aggressive isolates, not producing sirodesmin but 
forming pigment on a liquid Czapek agar (Williams & 
Fitt, 1999). Research conducted earlier indicates that 
isolates of the A group have a slow and irregular growth 
on agar plates, while B group isolates exhibit a fast and 
regular colony shape (Humpherson-Jones, 1986; Koch 
et al., 1989). Picnydiospores are colourless, cylindrical, 
unicellular, mostly straight, some curved, with or 
without oil drops on the edges (Hong et al., 2009). 
Under in vitro conditions, repeated differences in the 
morphology of single ascospores and crossing of the 
opposite types of pairing A with A, or B with B, 
indicate that two groups of different species were 
named Leptosphaeria maculans for A group and 
Leptosphaeria biglobosa for NA1 B group (Somda et al., 
1997; Shoemaker & Brun, 2001). Based on molecular 
characteristics, host type and geographical origin 
Mendes-Pereira et al. (2003) divided Leptosphaeria 
complex into seven groups: Leptosphaeria biglobosa 
brassicae, Leptosphaeria biglobosa canadensis, Leptosphaeria 
biglobosa erysimi, Leptosphaeria biglobosa thlaspii , 
Leptosphaeria biglobosa australensis, Leptosphaeria maculans 
brassicae i Leptosphaeria maculans lepidii. The aim of this 
research was to determine the presence of fungi 
Leptosphaeria biglobosa in Serbia, as the causal agent of 
stem canker in rapeseed, and also to study 
morphological and molecular characteristics of the 
pathogens. 
 
Isolation and Isolate collection 
Ten isolates of fungi were isolated from the 
infested parts of rapeseed stem collected at the locality 
Rimski Šančevi during October 2010. Fragments of 
infested tissue were submerged in a 3% sodium 
hypochlorite solution for 3 to 5 minutes, washed with 
distilled water and dried naturally. After drying, 
fragments of infested tissue were placed on a Potato 
Dextrose Agar (PDA) (Difco Detroit USA). To prevent 
the development of bacteria, 50 mg of streptomycin-
sulfate/l (Galenika Beograd, Serbia) was added to the 
agar. Petri dishes with PDA were placed in a thermostat 
at 25±1ºC.For obtaining purified monosporous isolates 
the following was used: pycnidiospores, released from 
pycnidia as a gelatinous drop, were transferred in plastic 
test tubes with 2 ml of sterile distilled water, using a tip 
of a spear needle. The 2 ml of prepared suspension of 
conidia was poured into Petri dishes. After 48 hours, 
germination of conidia was examined under the 
binocular. Germinated conidia with a small part of the 
agar were transferred onto a PDA and incubated in a 
thermostat at 25±1ºC. Such obtained ten monosporous 
fungal isolates were used in further research. Two 
reference isolates were used, received from the Centre 
for Agricultural Research, Rothamsted, GB, labelled as 
L.m (Leptosphaeria maculans) and L.b (Leptosphaeria 
biglobosa), and seven reference monosporous isolates 
from Serbia labeled as K-7, St-16, GS-25, L-5, C-3, LJ-
2, S-1 (Leptosphaeria maculans).  
 
Morphological characteristics  
Macroscopic traits of fungal isolates (growth, 
appearance and colour of mycelia, appearance of colony 
edges, the presence of fruiting bodies, and pigment 
secretion) were examined on a PDA at 25±1 ºC (for all 
10 isolates tested and 5 chosen control isolates), as well 
as microscopic traits - mycelium texture, appearance, 
size, shape and colour of pycnidiospores and pycnidia 
(Muntanjola-Cvetković, 1987). The trial was set up in 
four replications. Mycelial growth of the isolates was 
measured in cm on days 5, 10 and 15.  
 
Pigment formation on a liquid Czapek agar plate 
For the purpose of dividing isolates and affiliation 
to their respective groups of the tested fungi (L. 
maculans and L. biglobosa), pigment formation was 
analysed on a liquid Czapek agar. Agar was placed into 
the test tubes (10 ml per tube) and sterilized in the 
autoclave at 120 ºC for 20 minutes. After cooling, fungal 
mycelium of all tested isolates was placed onto the agar 
and under the photoperiod of 12 h at 20 oC (McGee & 
Petrie 1978). Pigment formation was monitored for 4 
weeks, based on the changes in colour of the agar. 
 
DNA extraction 
Mycelia and pycnidia were scraped from the agar 
and put into plastic bags. After grinding mycelia and 
pycnidia, 800 µl CTAB buffer was added to the mortar, 
and the mixture was transferred into 2 ml tubes. Tubes 
were placed in the incubator at 65 ºC for 1 h, and each 
15 min the content of tubes was vortexed for 5 min. 600 
µl chloroform was added to the tubes after incubation 
and it was vortexed in the incubator at 25 ºC for 10 
seconds. Tubes were then centrifuged for 10 mins at 
1300 g for separation of the solid and liquid phase. 
Liquid phase (cca 500 µl) was transferred into new tubes 
and 300 µl of isopropanol was added. Incubation was 
conducted for another 10 mins at room temperature 
and then centrifuged for 10 mins at 1300 g. After 
centrifuge the liquid was poured from the tubes, and 
600 µl of 70% ethanol was added. Tubes were vortexed 
for 10 seconds in the incubator and then centrifuged for 
10 mins at 1300 g after which liquid was poured from 
the tubes. Opened tubes were placed on a dryer at 50 ºC 
for 10 min. The obtained residue was dissolved in 100 µl 
TE buffer, then placed at room temperature for a few 
minutes, and finally frozen at -20 ºC (Day & Shattock, 
1997). 
 
PCR  analysis 
Two primers were used for DNA amplification - 
PN3 (5´CCGTTGGTGAACCAGCGGAGGGATC) 
and PN10 (TCCGCTTATTGATATGCTTAAG), 
Balesdent et al. (1998). PCR reaction was obtained at 
the volume of 25 µl containing: 1 µl fungal (L. maculans 
and L. biglobosa) DNA 11 µl PCR water 12.5 µl master 
mix REDTaq (Sigma aldrich) with MgCl2 (Taq 
polimerase 0.06 U/µl 3 mM MgCl2 0.002% gelatine 0.4 
mM dNTP) and 1.25 µl of each primer. The mixture 
was briefly centrifuged and the tubes then placed into 
the PCR apparatus (Eppendorf master cycler gradient). 
Each cycle consisted of 30 s at 94 ºC, 30 s at 58 ºC and 
1 min at 72 ºC. Total of 37 cycles were performed. After 
PCR amplification fragments were visually observed at 
1.5% agarose gel coloured with ethidium bromide. 
 
Symptoms 
The first emergence of brown irregular spots on 
stem base of rapeseed was observed during the second 
half of October 2010 (Fig. 1). Although the increase in 
the number of spots occurred over time, involving a 
larger tissue area, delayed growth or decay of the 
infested plants was not observed. Based on the visual 
observation, only the necrosis of surface tissue was 
detected during autumn. Based on the cross-section and 
longitudinal section of infested plants during the second 
half of the growing period (spring), further decay of 
infested tissue was detected. Besides delayed growth, 
infested plants had fewer side stems and flowers during 
inflorescence, which resulted in yield decrease.  
 
Morphological characteristics 
Colonies circular in shape grew on a PDA medium 
after 5 days (at 25 oC ± 1 oC), and were observed in 
isolates: K-111, K-112, K-113, K-114, K-115, K-116, K-
117, K-118, K-119, K-120 and L.b. Mycelia was loose, 
coloured white to white smoke. Isolates from the 
second group (L.m, K-7, St-16, GS-25, L-5, C-3, LJ-2, S-
1) formed colonies with irregular round shape and 
lobular edges after 5 days (Fig. 2).  
Figure 1. Symptoms of base stem canker in rapeseed (blackleg) 
After 15 days (K-111, K-112, K-113, K-114, K-115, 
K-116, K-117, K-118, K-119, K-120 and L.b) intensive 
formation of the yellow-brown pigment occurred in 
substrate mycelia (Fig. 4). The appearance aerial mycelia 
and substrate mycelia of the tested isolates (K-112 and 
K-115) is shown in Figures 3 and 4.  
Pycnidia were round-shaped, brown, single or 
stromatic.  
Diameter of pycnidia in group 1 (L.b, K-111, K-
112, K-113, K-114, K-115, K-116, K-117, K-118, K-
119, K-120) ranged from 240 to 480 µm, and in group 2 
(L.m, K-7, St-16, GS-25) it ranged  from 220 to 510 µm. 
Pycnidia released pycnidiospores in a gelatinous drop, 
beige to pink in colour. Pycnidiospores are unicellular, 
hyaline, cylindrical, mostly straight or slightly curved, 
with or without drops on edges sized 1.30-2.20 µm x 
2.80-5.40 µm in all tested isolates. Mycelial growth and 
sporulation of the tested isolates is shown in Table 1.  
Figure 2. Appearance of the colony within the tested isolates 
(right) and the reference isolate (left) 
Figure 3. Aerial mycelia of isolates K-112 and K-115 on a PDA medium 
Figure 4. Substrate mycelia of isolates K-112 and K-115 on a PDA medium  
Table 1. Diameter (cm) and sporulation of tested isolates and reference isolates on a PDA at 25±10C  
Isolate After 5 days Sporulation After 10 days Sporulation After 15 days Sporulation 
K-111 1.57 - 4.02 + 9 + 
K-112 1.50 - 4.42 + 9 + 
K-113 1.50 - 4.35 + 9 ++ 
K-114 1.60 - 4.40 + 9 ++ 
K-115 1.57 - 4.45 - 9 + 
K-116 1.67 - 4.35 + 9 + 
K-117 1.73 - 4.60 + 9 + + 
K-118 1.80 - 5.00 - 9 + 
K-119 1.55 - 4.55 - 9 + 
K-120 1.48 - 4.35 + 9 ++ 
L.b 1.55 - 4.30 - 9 - 
K-7 1.57 - 2.95 ++ 4.60 + + + 
L.m 1.51 - 3.30 + + 4.70 + + + 
St-16 1.48 - 2.95 + + 3.90 + + + 
GS-25 1.50 - 2.40 + 3.05 + + + 
-  No sporulation; + Weak sporulation; + + Medium sporulation; + + + Strong sporulation  
Based on the data from Table 1, it was observed 
that isolates K-111 K-112, K-113, K-114, K-115, K-
116, K-117,118,119,120, and reference isolate L.b 
exhibited fast growth and slow sporulation on a PDA 
compared to other reference isolates (L.m, K-7, St-
16,GS-25).  
 
Pigment formation on liquid Czapek agar  
For the purpose of isolates separation, based on 
pigment formation on liquid Czapek agar, it was 
observed that after 30 days isolates K-111, K-112, K-
113, K-114, K-115, K-116, K-117, K-118, K-119, and K
-120 produced or excreted a yellow-brown pigment, 
compared to isolates L.m, K-7, St-16 and GS-25 which 
did not produce pigment. 
 
PCR analysis 
DNA was amplified with the use of PN3 and PN10 
primers (Fig. 6). Tape M 3000 bp marker. 1 L.b, 2 K-
111, 3 K-112, 4 K-113, 5 K-115, 6 K-116, 7 K-7, 8 GS-
25, 9 St-16, 10 L-5, 11 C-3, 12 LJ-2, 13 S-1, 14 L.m. In 
isolates L. b,K-111,K-112,K-113, K-115 and K-116 tape 
length was 580 bp while in L.m,K-7, GS-25,St-16, L-5,C
-3, LJ-2 and S-1 tape length was 560 bp. Based on tape 
length, L.b, K-111, K-112, K-113 and K-115 belong to 
L. biglobosa while L.m, K-7, GS-25, St-16, L-5, C-3, LJ-2 
and S-1 belong to L. maculans.  
Stem canker of rapeseed is caused by two types of 
phytopathogenic fungi of Leptosphaeria complex: 
Leptosphaeria maculans (Desm.) ces. and de Not (anamorf 
Phoma lingam (Tode. Fr.) Desmas), causing base stem 
canker, and Leptospaeria biglobosa Shoem and Brun, 
causing symptoms of canker in the upper stem parts, 
mostly with minor damages, while serious damages can 
be caused in countries with higher temperatures in 
summer (Huang et al., 2005; Fitt et al., 2006). During 
2010, parasitic fungi were isolated from the base stem. 
The first symptoms were expressed in the form of 
irregular brown spots without the presence of pycnidia 
in accordance with the report of Brun et al. (1997). 
Further necrosis of inner tissue and delayed growth 
Figure 5. Pigment formation on liquid Czapek agar 
occurred in the second part of the vegetation period, 
which is in conformity with reports of Balesdent et al. 
(1992) and Brun et al. (1997). During the initial phases 
of growth on a PDA agar and afterwards, all tested 
isolates exude aerial mycelia grey-white in colour while 
substrate mycelia were milky white at first, as reported 
by Williams & Fitt (1999) and Fitt et al. (2006). After 
some time, formation of black pigment was observed on 
the agar in isolates of group 2 (Pound, 1947; 
Humpherson-Jones, 1986; Williams & Fitt, 1999; 
Mitrović & Marinković, 2007), while isolates of group 1 
form a yellow-brown pigment on the agar PDA (Fitt et 
al., 2006; Hong et al., 2009).  
The tested isolates of group 1 exhibit fast growth 
with a regular edge on a PDA, while isolates of group 2 
exhibit slow growth with irregular, often lobular edges, 
as reported by Pound (1947), Koch et al. (1989), 
Mitrović & Marinković (2007), Williams & Fitt (1999), 
McGee & Petrie (1978), and Humpherson-Jones (1983, 
1986). Koch et al. (1989) states that the isolates from 
group A (L. maculans) exhibit a slow irregular growth on 
several agar plates while isolates from group B (L. 
biglobosa) exhibit a fast regular growth. However, there is 
a report stating that isolates from group A (L. maculans) 
exhibit faster growth than the isolates from group B (L. 
biglobosa), and hence are difficult to distinguish on agar 
plates (Delwiche 1980 cit. loc. Williams 1992; 
Kharbanda & Stevens, 1993; Salisbury et al., 1995). 
Nevertheless, based on the morphological and 
biochemical traits, Koch et al. (1989), Petrie (1988), Hill 
et al. (1984) divided the isolates into aggressive and non
-aggressive strains.  
All tested isolates on the PDA medium formed 
round-shaped, brown-coloured, single or stromatic 
pycnidia. Pycnidia diameter in group 1 isolates ranged 
from 240 to 480 µm, while in group 2 it ranged from 
220 to 510 µm, in accordance with the reports of 
Punithalingam & Holliday (1972) and Hong et al. 
(2009). Morphology and size of pycnidiospores 
measured in this research were similar as reported by 
other authors (Punithalingam & Holliday, 1977; 
Williams, 1992; Mitrović & Marinković, 2007; Hong et al., 
2009; Fernando & Ghanbarnia, 2007; Cai et al., 2014). 
Isolates K-111, K-112, K-113, K-114, K-115, K-116, K-
117, K-118, K-119 and K-120 produced yellow-brown 
pigment on a Czapek liquid agar compared to L.m, K-7, St
-16 and GS-25 which did not produce the pigment. The 
presence of yellow-brown pigment places isolates in a 
group of non-aggressive strains in conformity with the 
reports of Bonman et al. (1981), Koch et al. (1989), 
Williams & Fitt (1999), Kuusk et al. (2002). PN3 and 
PN10 primers in tested isolates L.b, K-111, K-112, K-113,  
K-115, K-116, K-117, K-118, K-119 and K-120 amplify 
DNA at 580 bp for isolates Leptosphaeria biglobosa or at 560 
bp for isolates L.m, K-7, GS-25, St-16, L-5, C-3, LJ-2 and 
S-1 for Leptosphaeria maculans (fig.6.). Similar finding was 
reported by Balesdent et al. (1998), while Mendes-
Pereira et al. (2003) report 468 bp in Leptosphaeria 
maculans (Tox+ reference isolates), and 496 bp for 
Leptosphaeria biglobosa NA1, NA2 and NA3 subgroup.  




Figure 6. Polymorphism obtained by amplification of DNA using PN3 and PN10 primers 
 
Through the comparison of morphological and 
molecular characteristics, besides L. maculans, the presence 
of L. biglobosa can also be confirmed in Serbia. Isolates K-
111, K-112, K-113, K-114, K-115, K-116, K-117, K-118, 
K-119 and K-120 morphologically exhibit regular and fast 
mycelial growth on PDA unlike the isolates of L. maculans 
(L.m, K-7, St-16, GS-25, L-5, C-3, LJ-2, S-1) used as 
control. Mycelia in all tested isolates were smoke-white in 
colour. Isolates K-111, K-112, K-113, K-114, K-115, K-
116, K-117, K-118, K-119, and K-120 formed a yellow-
brown pigment on a liquid Czapek agar, as opposed to 
L.m, K-7, St-16 and GS-25. Based on DNA amplification 
with PN3 and PN10 primers, tape length in K-111, K-112, 
K-113, K-114, K-115, K-116, K-117, K-118, K-119 and K
-120 was 580 bp, while in L.m, K-7, St-16, GS-25, L-5, C-3, 
LJ-2, S-1, it was 560 bp. Based on the conducted research, 
the presence of pathogenic species Leptosphaeria biglobosa in 
Serbia can be confirmed.   
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